ABSTRACT: Green iguanas (Iguana iguana) have been documented to become aggressive during their breeding season and during the menstrual cycles of their human female caregivers. Because of their large size, these reptiles have the potential to inflict severe bite wounds. Identifying a method to control aggression in these animals is needed to minimize the likelihood of injury to their handlers. The purpose of this study was to evaluate the effect of mammalian leuprolide acetate on the testosterone levels of captive, intact male green iguanas. Eighteen adult male green iguanas were used for the study. Testosterone levels were determined via radioimmunoassay. Group 1, the control group, did not receive any mammalian leuprolide acetate, group 2 was administered a single dose of 0.2 mg/kg mammalian leuprolide acetate IM in the right forelimb, and group 3 received a single dose of 0.4 mg/kg mammalian leuprolide acetate IM in the right forelimb. Blood was collected for testosterone assays on day 0, before treatment, and days 1, 4, 7, 14, 21, 28, and 35 post-treatment. There was a significant difference in the testosterone levels within subjects (all animals across groups) over time (P = 0.007); however, there was no significant difference in testosterone levels between the different treatment groups (P = 0.6). There were significant differences within subject testosterone levels (all animals across groups) between days 0 and 1 (P = 0.001), days 0 and 4 (P = 0.035), days 0 and 28 (P = 0.02), and days 0 and 35 (P = 0.04). In all four cases, testosterone levels were lower on day 0 compared to the other days. The results of this study suggest that mammalian leuprolide acetate, at these doses, does not significantly reduce testosterone levels in captive male green iguanas.
INTRODUCTION
Since the 1980s, the green iguana (Iguana iguana) has been one of the most popular pet reptiles in the United States. The popularity of these animals has persisted despite evidence that intact, male green iguanas can become aggressive during their breeding season and during the menstrual cycles of their human female caretakers (Frye et al., 1991) . Because of their large size, these reptiles have the potential to inflict severe bite wounds. Identifying a method to control aggression in captive, intact male iguanas is needed to minimize the likelihood of injury to pet owners.
Studies performed by Pratt et al. (1992) of lizards have found a direct correlation between testosterone levels and aggressive behavior, which is typically manifested in iguanas as head-bobbing displays, lateral body compression, dewlap extension, tail-slapping, biting, and hissing (Dugan, 1982a, b; Distel and Veazey, 1983) . Testosterone cycles have been documented in male lizards as young as 10 months of age, with increasing levels noted in October or November and a return to baseline values recorded by the following February or March (Pratt et al., 1992 (Pratt et al., , 1994 . These months correlate with both the breeding season of wild green iguanas and the period in which captive green iguanas have been noted to mate (Dugan, 1982b; Pratt et al., 1992) .
During periods of aggression, iguanas have a higher incidence of attacking their caretakers, resulting in serious bite and scratch wounds. Various techniques to reduce the aggression have been described, including orchidectomy, separation of males during the breeding season, and alteration of the photoperiod, but variable results have been obtained (Frye et al., 1991) .
Leuprolide acetate, a synthetic Gonadotropin Releasing Hormone (GnRH) agonist, has been found to reduce sex hormone production in vertebrates (Dlugi et al., 1990; Millam, 1993; de Oliveira et al., 2004) . The primary site of action for this drug is the anterior pituitary gland. In mammals, the drug typically causes an initial rise in the circulating levels of sex hormones secondary to pituitary hyperstimulation. This phenomenon is then immediately followed by a decline in Lutenizing Hormone (LH) secretion because the gonadotropins become desensitized (Karten and Rivier, 1986; Plosker and Brogden, 1994) .
The purpose of this study was to evaluate the effect of mammalian leuprolide acetate on testosterone levels of intact, mature male green iguanas at the peak of the breeding season. The specific biological hypotheses being tested were as follows: (1) male green iguanas given mammalian leuprolide acetate would have significantly lower testosterone levels than control iguanas; and (2) iguanas given a higher dose of mammalian leuprolide acetate would have lower circulating levels of testosterone than animals given a low dose of the drug.
MATERIALS AND METHODS
This study was conducted at a captive iguana breeding facility (Herra Dura, El Salvador) in November 2006. The time period selected for the study was chosen because it correlated with the green iguana breeding season in Central America (Dugan, 1982b) . The temperature minimum and maximum in El Salvador during the study period ranged from 18-31°C (65-89°F); this was considered appropriate for the region and season.
The male iguanas, ranging in age from 3 to 6 years, were randomly collected by hand from two outdoor holding pens (75 m × 75 m) that each housed approximately 6,000 male iguanas (12,000 total). The sex of each iguana was confirmed via visual examination of femoral pore size and the presence of hemipenal bulges. Every fifth iguana encountered within one of the two pens was randomly selected to participate in the study until 18 male green iguanas had been collected. The iguanas were randomly divided into three treatment groups using a random number generator. On day 0, blood was collected from the jugular vein of each iguana to measure baseline testosterone levels, the animals were weighed to the nearest 0.1 kg, and an Avid -NHEt-GnRH, 1.875 mg/ml, Abbott Laboratories, Madrid, Spain), a synthetic GnRH agonist, was supplied as sterile, lyophilized microspheres. A suspension was created when the mammalian leuprolide acetate was mixed with the diluent, which was comprised of carboxymethylcellulose sodium, D-mannitol, polysorbate 80, and water (Brown et al., 1993) . Treatment group 1 (N = 8), the control group, did not receive any mammalian leuprolide acetate, treatment group 2 (N = 5) was given 0.2 mg/kg mammalian leuprolide acetate IM once in the right tricep muscle, and treatment group 3 (N = 5) was given 0.4 mg/kg mammalian leuprolide acetate IM once in the same location. The iguanas from each treatment group were housed together in three separate pens (5 m × 5 m). Blood samples were collected from each iguana on days 1, 4, 7, 14, 21, 28, and 35 to measure testosterone levels over time. The blood samples were centrifuged on site and the plasma frozen at 0°C. The samples were transported by air on frozen gel packs to Tufts University for testing. Testosterone was extracted with dichloromethane and analyzed by indirect radioimmunoassay (Cooperman et al., 2004) .
The Kolmogorov-Smirnoff test was used to assess the distribution of the data. Friedman's test for repeated measures was performed to determine whether testosterone levels differed over time and between treatment groups. Wilcoxon rank tests were used to compare different time intervals when there was within subject variation. SPSS 15.0 (SPSS Inc., Chicago, IL) was used to analyze the data. A P < 0.05 was considered statistically significant.
RESULTS
The median, 25-75% quartiles and minimum and maximum testosterone values for each group by time interval are reported in Table 1 . There was a significant difference in the testosterone levels within subjects over time (F = 3.1, P = 0.007); however, there was no significant difference in testosterone levels between the different treatment groups (F = 0.5, P = 0.6). There were significant differences within subject testosterone levels between days 0 and 1 (P = 0.001), days 0 and 4 (P = 0.035), days 0 and 28 (P = 0.02), and days 0 and 35 (P = 0.04). In all four cases, testosterone levels were lower on day 0 compared to the other days.
DISCUSSION
Studies performed in different vertebrate species (e.g., elephants, humans) demonstrate the effectiveness of leuprolide acetate for reducing circulating levels of testosterone (Dlugi et al., 1990; de Oliveira et al., 2004) . Results of this study indicate that the single administration of 0.2 mg/kg or 0.4 mg/kg leuprolide acetate was not sufficient to reduce testosterone levels in mature, male green iguanas at the peak of their breeding season. No significant differences were noted between the groups treated with leuprolide acetate and the control group, but differences were noted between the median testosterone values recorded on day 0 and the values recorded on day 1, day 4, day 28, and day 35. The peak in the median testosterone values noted on days 1 and 4 in groups 2 and 3, respectively, were expected based upon the action of leuprolide acetate in mammals (Karten and Rivier, 1993) . But the testosterone spike noted 24 h after the start of the study in the control group was a surprise. The unexpected spike in the testosterone level of the control group may be attributed to the social interactions of the iguanas in the control pen. Each iguana holding pen at the breeding facility had a well-established social hierarchy among its occupants, and when several random iguanas were extracted from the pen and placed in a small enclosure, the dominance scheme had to be re-established. The iguanas were not allowed to acclimate to either the new enclosure or the new occupants prior to the start of the study, and the re-establishment of the social hierarchy may have led to the early spike in the median testosterone values of the control group. Attempts to minimize this were made by placing the study animals in an enclosure with more space (4.2 m 2 / iguana) than the general population of animals (0.94 m 2 / iguana). Elevated testosterone values have been documented in marine iguanas during social instability, such as territory establishment (Berger et al., 2005) . In addition, this phenomenon may have contributed to the sustained elevations in the median testosterone values noted throughout the remainder of the study. Also, this explanation might account for the differences observed in the treatment groups because they were housed under similar conditions.
The basic anatomy of the neuroendocrine system of the green iguana must be considered a potential reason behind the unexpected median testosterone values noted throughout study. It is possible that the iguana pituitary gland simply does not contain GnRH receptors that are nonspecific enough to use the drug (Licht et al., 1984) . Research performed on female iguanas by Phillips et al. (1985) using repetitive pulses of chicken GnRH, as opposed to synthetic mammalian GnRH (used in the current study), revealed a significant drop in estrogen levels, which suggested that the iguana pituitary contained receptors required for chicken GnRH. However, no control group was used in the study; therefore, it is difficult to determine whether the presence of males, housed with the females throughout the entire research period, may have affected the estrogen levels (Phillips et al., 1985) . Research conducted by King and Millar (1980) concerning the chemical nature of the reptilian GnRH molecule suggests that the reptilian GnRH shows chromatographic and immunological properties that are more similar to those of the bird than mammals, which further supports this theory.
The dosing regimens of leuprolide acetate selected for this study may have been insufficient to affect the circulating testosterone levels in these animals. A wide range of leuprolide acetate doses are often required to obtain desired results for some avian species, and this may have been the case here as well (Hines et al., 1993; Millam, 1993) . The original goal of the study was to include both a third and fourth treatment group, dosed at 0.75 mg/kg and 1 mg/kg, respectively, but was precluded by the cost of the drug. Whether higher doses would have countered the affect seen in this study is unknown but may be worth pursuing.
Finally, the time of year in which the study was conducted may have influenced the effectiveness of the leuprolide acetate. Other studies have documented increases in testosterone levels beginning in October or November and a return to baseline values by the following February or March (Pratt et al., 1992 (Pratt et al., , 1994 .
Perhaps the leuprolide acetate would be more effective in suppressing testosterone levels if it were administered in September or October, prior to the breeding season and the consequent natural elevations in the testosterone levels. However, this would diminish the clinical value of this compound, because most animals are presented once aggression is noted.
An important note to make in this study is that testosterone levels can vary greatly between iguanas during the breeding season. This may be the result of differences in social status, age, or other physiologic mechanisms. It has been documented that testosterone levels can vary based on circadian rhythms, but we attempted to control this by sampling at the same time each day.
Although the results of this study do not support the use of a single dose of mammalian leuprolide acetate at 0.2 and 0.4 mg/kg to suppress testosterone levels in intact, male green iguanas at the peak of the breeding season, it has led to development of various further research projects concerning the administration of the drug in iguanas. It is hoped that by using this study as a reference, future projects may document decreased testosterone levels, and consequent decreased aggressive behaviors, in male green iguanas as a result of leuprolide acetate administration.
